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^ X SUBSTITUTE SPECIFICATION 

[0001] ^^ffi^S^ CAMERA SYSTEM HAVING LENS TO BE REPLACED 
[0002] This application claims benefits of Japanese Application No. 2003- 
135005 filed in Japan on May 13, 2003, the contents of which are incorporated by 
this reference. 

[0003] BACKGROUND OF THE INVENTION 

[0004] FIELD OF THE INVENTION 

[0005] The present invention relates to a lens-interchangeable digital camera 

system and a digital camera, interchangeable lens and camera body thereof 

[0006] RELATED ART STATEMENT 

[0007] A conventional digital camera includes an optical low-pass filter (called 
optical LPF hereinafter), containing crystal or the like having a double refraction 
characteristic, in the front of the surface of an image pickup element in order to 
reduce false color (such as moire) of a high firequency component of a shot image. A 
single lens reflex digital camera system has been provided in which a lens (lens 
barrel) is interchangeable with respect to the camera body. Image pickup elements 
having different numbers of pixels, that is, having different pixel pitches are built in 
multiple bodies of the lens-interchangeable digital camera system. Furthermore, 
multiple kinds of interchangeable lens can be attached to the body. 
[0008] An optical LPF having thickness corresponding to the pixel pitches is 
provided in the front of the surface of the image pickup element having different 
pixel pitches as described above in the single lens reflex camera body. 
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[0009] The thickness of the optical LPF is set in accordance with the pixel 
pitch of the image pickup element as described above because a luminous flux 
having passed through the optical LPF is divided into non-refractive normal light 
and abnormal light (double refractive) and the divided luminous fluxes must be 
launched into adjacent pixels of the image pickup element in order to prevent the 
occurrence of the moire. Therefore, the thickness of the optical LPF must be 
changed in accordance with the pixel pitch. 

[0010] For example, Japanese Patent Application PubHcation No. Hei 7- 
123421 and No. 2000-244821 and Japanese Patent Publication No. 255285, which 
will be described later as Patent Document 1. Patent Document 2 and Patent 
Document 3, respectively, discloses propositions relating to optical path length 
control and/or spatial frequency characteristic control by operating an optical LPF 
in a conventional digital camera. 

[0011] An image pickup apparatus disclosed in Patent Document 1 has a 
switching circuit for switching a first image pickup mode and a second image pickup 
mode. In the first image pickup mode, color natural image signals are generated by 
using electric signals output from an image pickup element. In the second image 
pickup mode, high resolution image signals are generated for a single colored or 
monotonous image. An optical LPF is retractable in accordance with the switching, 
and the change in optical path length is corrected by using another optical system. 
With the image pickup apparatus, high resolution image signals can be generated 
for a monotonous image. 

[0012] An image pickup apparatus disclosed in Patent Document 2 drives 
switching of a dummy glass for optical length correction and an optical LPF 
corresponding to driving modes of an image pickup element. The dummy glass for 
optical path length correction and the optical LPF constitute an LPF block. With 
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the image pickup apparatus, the occurrence of pseudo signals caused by changes in 
spatial sampling characteristic due to special driving of the image pickup element 
can be effectively suppressed. 

[0013] In an image pickup apparatus disclosed in Patent Document 3, when a 
frame reading mode is selected, correction optical means, instead of an optical low 
pass filter, is inserted to an incident optical path onto an image pickup means. The 
correction optical means has the same optical length as that of the optical LPF. 
With the image pickup apparatus, aliasing does not occur even when the vertical 
scan frequency for sampling is changed from 525 to 262.5. Therefore, the 
deterioration in image quality does not occur. 

[0014] Some single lens reflex digital camera system may apply LN element 
(LiNb03) as an optical LPF, instead of crystal. The LN element is extremely thin 
and has the same double refraction characteristic as that of crystal. In order not to 
significantly change pixel pitches in every camera body of the digital camera system, 
the size of the image pickup element may be changed so as to change the number of 
pixels. When the LN element is applied, the optical path length of the luminous 
flux does not significantly change since the LN element is thin. Therefore, an 
interchangeable lens can be interchanged between digital camera bodies having 
different pixel pitches. 



f^^lS] SUMMARY OF THE INVENTION 

[0016] One lens-interchangeable digital camera system according to the 
invention comprises: a first camera body including a first optical element having a 
predetermined fimction; an interchangeable lens compliant with the first camera 
body, having an optical characteristic designed for correcting aberration for the first 
camera body; and a second camera body to which the interchangeable lens can be 
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attached, having the same function as that of the first optical element and including 
a second optical element thinner than the first optical element and a compensating 
optical system for correcting a difference in thickness between the first optical 
element and the second optical element. 

[0017] One camera body according to the invention is a camera body to which 
an interchangeable lens optically designed for a reference body can be removably 
attached, the camera body including an interchangeable lens mount portion, an 
image pickup element, and a compensating optical system arranged between the 
mount portion and the image pickup element such that the optical path length 
between the interchangeable lens mount portion and the image pickup element can 
be equal to that of the reference camera body. 

[0018] One interchangeable lens according to the invention is an 
interchangeable lens removably attached to multiple camera bodies, including a 
lens side mount portion for engaging with a mount portion of the camera body, and 
a photographic optical system for optimizing aberration on the image pickup surface 
of the camera body having the thickest optical element in the multiple camera 
bodies. 

[0019] One reference camera body according to the invention is one of 
multiple camera bodies to which an interchangeable lens can be attached and is a 
reference for the interchangeable lens. The reference camera body includes an 
interchangeable lens mount portion for attaching the interchangeable lens, an 
image pickup element, and an optical element provided between the 
interchangeable lens mount portion and an image pickup surface of an image 
pickup element. The optical element has a predetermined function. Aberration on 
the image pickup surface of the image pickup element is optimized by a combination 
of the optical element and the interchangeable lens. 
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[0020] The other features and benefits of the invention will be apparent from 
the description below. 

[0021] BRIEF OF DESCRIPTION OF THE DRAWINGS 
[0022] Fig. lA shows an arrangement of a combination of a camera body and 

interchangeable lens, an optical member and an image pickup element in a digital 
camera according to a first embodiment of the invention and shows a combination of 
a reference camera body and an interchangeable lens; 

[0023] Fig. IB shows an arrangement of a combination of a camera body and 
interchangeable lens, an optical member and an image pickup element in the digital 
camera in Fig. lA and shows a combination of a non-reference camera body and an 
interchangeable lens; 

[0024] Fig. 2 is a perspective diagram (including a partial cut-out) showing an 

internal construction of a camera body having an interchangeable lens barrel in the 
digital camera according to this embodiment shown in Figs. lA and IB; 
[0025] Fig. 3 is a perspective diagram (including a partial cut-out) showing an 
internal construction relating to an image pickup unit of the digital camera 
according to this embodiment shown in Figs. lA and IB; 

[0026] Fig. 4 is a schematic diagram showing details of an optical system of 

an image pickup unit to be applied to a first camera body of the digital camera in 
Figs. lA and IB; 

[0027] Fig. 5 is an enlarged vertical sectional diagram of the image pickup 
unit to be applied to the first camera body of the digital camera in Figs. lA and IB; 
[0028] Fig. 6 is an enlarged vertical sectional diagram of an image pickup unit 
to be applied to a second camera body of the digital camera in Figs. lA and IB; 
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[0029] Fig. 7 is an enlarged sectional diagram of an image pickup unit to be 
applied to a first camera body in a digital camera system according to a second 
embodiment of the invention; 

[0030] Fig. 8 is an enlarged vertical sectional diagram of an image pickup unit 
to be applied to a second camera body in the digital camera system according to the 
second embodiment in Fig. 7; 

[0031] Fig. 9 is a graph showing a relationship between pixel pitches of an 
image pickup element or numbers of pixels of an image pickup element to be 
applied to a digital camera and thicknesses of an optical LPF (for crystal and an LN 
element) applied thereto; and 

[0032] Fig. 10 is an optical path diagram showing a state of the change in an 
image-forming position depending on the presence or absence of an optical filter in 
the front of the surface of an image pickup element in a conventional image pickup 
optical system. 



[0033] DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0034] Embodiments of the present invention will be described below with 
reference to drawings. 

[0035] Prior to the description of the embodiments of the invention, optical 
influences of the thickness of an optical LPF in the fi-ont of the surface of an image 
pickup element will be described. For example, when optical LPFs having different 
thicknesses are provided in the front of the surface of an image pickup element, the 
image-forming position changes. Fig. 10 is an optical path diagram showing a state 
where an image-forming position changes based on the presence or absence of an 
optical LPF in the front of the surface of an image pickup element. 
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[0036] When an optical LPF 102 is not provided in front of an image pickup 
surface 103 of an image pickup element as shown in Fig. 10, the center luminous 
flux having passed through a lens 101 forms an image at a point PI on the image 
pickup surface 103. 

[0037] A peripheral luminous flux having passed through the lens 101 forms 
an image at a point P2 on the image pickup surface 103. However, when the optical 
LPF 102 is provided in front of the image pickup surface 103 of the image pickup 
element, the center luminous flux having passed through the lens 101 forms an 
image at a point PI' behind the image pickup surface 103. The peripheral luminous 
flux having passed through the lens 101 form an image at a point P2' behind the 
image pickup surface 103. When the LPF 102 is thicker, the luminous flux forms 
an image in a more rear direction. In other words, the effective optical path length 
of a luminous flux to the image-forming position depends on the thickness of the 
optical LPF. 

[0038] On the other hand, the optical length generally differs between a 
luminous flux incident on the center of the photographic screen and a luminous flux 
incident on the periphery of the photographic screen in a photographic optical 
system of a digital camera, generating a field curvature aberration as a result. The 
difference in optical path length of the center and periphery of the photographic 
screen can be corrected by providing the photographic optical system with an optical 
characteristic for canceling the curvature of field to correct the curvature of field as 
a result. 

[0039] However, when the principle of the aberration correction is applied to a 
lens-interchangeable, single-lens reflex digital camera, problems as follows may 
occur. That is to say, in a single-lens reflex digital camera system including a first 
camera body having a first optical LPF and an interchangeable lens designed for 
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the first camera body, when the interchangeable lens is attached to a second camera 
body having a second optical LPF, and when the thicknesses of the first and second 
optical LPFs differ, a problem that the curvature-of-field aberration cannot be 
corrected properly occurs. This problem occurs when the first and second camera 
bodies include image pickup elements having different pixel pitches, the thicknesses 
of the optical LPFs are set so as to be compliant with the pixel pitches, respectively, 
as described above. 

[0040] Next, prior to the detail description of the digital camera system 
according to the first embodiment of the invention, the outline will be described 
with reference to Figs. lA and IB. Figs. lA and IB are diagrams each showing an 
arrangement of a combination of a camera body and interchangeable lens, a filter 
optical member and an image pickup element in a digital camera system according 
to a first embodiment of the invention. Fig. lA shows a combination of a reference 
camera body and an interchangeable lens. Fig. IB shows a combination of a non- 
reference camera body and an interchangeable lens. 

[0041] A digital camera system according to this embodiment has a digital 
camera 1 and a digital camera 2 shown in Figs. lA and IB. 

[0042] The digital camera 1 includes a first camera body llA and an 
interchangeable lens barrel 12. The first camera body llA is a reference camera 
body. The interchangeable lens barrel 12 is a removable interchangeable lens. 
[0043] The digital camera 2 includes a second camera body IIB and the 
interchangeable lens barrel 12. The second camera body 1 IB is a non-reference 
camera body. The interchangeable lens barrel 12 serves as a removable 
interchangeable lens having the same specification as the one attached to the first 
camera body 11 A. 
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[0044] The first camera body llA contains an image pickup element 5 A and 
an optical LPF 8A and has a camera side mount portion 3. The image pickup 
element 5A is a first image pickup element constituted by a CCD (or a CMOS type 
image pickup element) and the like having a protection glass 6. The optical LPF 8A 
is a first optical low-pass filter, which is an optical element arranged in the fi-ont of 
the surface of the image pickup element. The camera side mount portion 3 has a 
camera-side mount surface 3a abuttable to a lens side mount surface 4a. In other 
words, when both of them are fixed by engaging the lens side mount portion 4 and 
the camera side mount portion 3, the position in an optical axis direction is fixed 
when the lens side mount surface 4a and the camera side mount surface 3a abut to 
each other. 

[0045] For example, the image pickup element 5A is a 4/3 type image pickup 
element and has a predetermined reference pixel pitch 50 (corresponding to a 
reference number of pixels SO) (see Fig. 9 described later). The predetermined 
reference pixel pitch 60 is a first pixel pitch. A subject image formed on an 
optoelectronic converting surface 5Aa, which is an image-forming surface of the 
image pickup element, is converted to electric image pickup signals. 
[0046] In order to prevent the occurrence of moire, the optical LPF 8A 
contains crystal having a double refraction characteristic in thickness corresponding 
to the reference pixel pitch 50 of the image pickup element 5A and includes an 
infrared absorbing glass. Furthermore, the optical LPF 8A has a predetermined 
refractive index, which is substantially the same as that of glass. 
[0047] The optical LPF 8A is arranged between the camera side mount 
portion 3 and the image pickup element 5A and the thickness of the optical LPF 8A 
is thickest among that of the optical LPF 8A, that of an optical LPF 8B of the second 
camera body, which will be described later, and that of an optical LPF applied in 
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another non-reference camera body to which the same interchangeable lens barrel 
12 can be removably attached. 

[0048] The interchangeable lens barrel 12 has a lens side mount portion 4 
including a lens side mount surface 4a abuttable to a first camera body side or a 
second camera body side mount surface 3a. The interchangeable lens barrel 12 
contains a photographic optical system 12a including multiple photographic lenses. 
The interchangeable lens barrel 12 has an identical specification and can be 
removably attached to both of the first camera body llA and the second camera 
body IIB. For example, the interchangeable lens barrel 12 may be one of multiple 
interchangeable lenses such as an interchangeable lens having different focal 
distances, a zoom lens and a macro lens. 

[0049] When the interchangeable lens barrel 12 is attached to the reference 
camera body llA, a subject luminous flux fi-om the photographic optical system 12a 
pass through the optical LPF 8A and form an image on the image pickup surface 
5Aa of the image pickup element 5A. In this case, the photographic optical system 
12a is designed and produced so as to form an image on the image pickup surface 
5Aa without the curvature-of-field aberration, with the optical path length being 
changed (effective change in optical path length) in accordance with the refractive 
index and thickness of the optical LPF 8A. In other words, both of the image- 
formed point PI' by the center luminous flux and the image-formed point P2' by a 
peripheral luminous flux shown in Fig. 10 do not have the curvature-of-field 
aberration on the image pickup surface 5Aa of the image pickup element 5A. 
[0050] The second camera body IIB contains an image pickup element 5B, an 
optical LPF 8B and a compensating optical element 9, and has the camera side 
mount portion 3. The image pickup element 5B is a second image pickup element 
constituted by a CCD (MOS type image pickup element) having a protection glass 6 
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and the like. The optical LPF 8B is a second optical low-pass filter arranged in the 
front of the surface of the image pickup element. The compensating optical element 
9 is a compensating optical system. The camera side mount portion 3 is common to 
the first camera body llA and has a camera side mount surface 3a, which can be 
engaged with the lens side mount surface 4a. 

[0051] The image pickup element 5B is a 4/3 type image pickup element 
similar to the reference image pickup element 5A but has a pixel pitch 51, which is 
a second pixel pitch and is different fi'om the reference pixel pitch 60. A subject 
image formed on a photoelectric conversion surface 5Ba is converted to electric 
image pickup signals as well. The photoelectric conversion surface 5Ba is an image- 
forming surface of the image pickup element 5B. 

[0052] The optical LPF 8B is a filter thinner than the optical LPF 8A and 
contains crystal or an LN element having a double refraction characteristic and 
having a thickness corresponding to the pixel pitch 51 of the image pickup element 
5B and fiirther contains infi-ared absorbing glass. The optical LPF SB has 
substantially the same predetermined refi-active index as of glass. The optical LPF 
SB is also disposed between the lens mount portion 3 and the image pickup element 
5B. 

[0053] The compensating optical element 9 is an optical member constituted 
by glass and the like, which does not have a double refi-active characteristic but has 
substantially the same refi-active index as of the optical LPF 8A. The compensating 
optical element 9 is attached and built in the second optical LPF 8B so that the 
image-forming position of a subject luminous flux by the interchangeable lens barrel 
12 does not displace fi-om the photoelectric conversion surface 5Ba of the image 
pickup element 5B. Furthermore, the aberration including the curvature-of-field 
aberration does not occur. In other words, the compensating optical element 9 
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compensates changes in optical path length due to the optical LPF 8B which 
becomes thinner in the first camera body llA. The compensating optical element 9 
is set such that the sum of the thickness of the compensating optical element 9 and 
optical LPF 8B is substantially the same as the thickness of the optical LPF 8A. 
[0054] In the digital camera system according to this embodiment having the 
above-described construction, the interchangeable lens barrel 12 can be attached to 
the reference first camera body llA. The first camera body llA contains the image 
pickup element 5A having the predetermined reference pixel pitch 50. A subject 
luminous flux from an interchangeable lens are double-reflected by the optical LPF 
8A and form an image properly on the image converting surface 5Aa of the image 
pickup element 5A without a curvature-of-field aberration. 

[0055] The interchangeable lens barrel 12 can be attached to the non- 
reference second camera body IIB. The second camera body IIB contains the 
image pickup element 5B having a pixel pitch 81. A subject luminous flux from an 
interchangeable lens passes through the compensating optical element 9, is double 
reflected by the optical LPF 8B, and forms an image on the image pickup conversion 
surface 5Ba of the image pickup element 5B. The amount of the change in effective 
optical path length due to the thin optical LPF 8B is compensated by inserting the 
compensating optical element 9. The subject luminous flux forms an image properly 
without the curvature-of-field aberration similarly on the image pickup conversion 
surface 5Ba of the image pickup element 5B. 

[0056] Next, internal constructions of the digital cameras 1 and 2 in the 
digital camera system according to this embodiment will be described with 
reference to Figs. 2 and 3. 

[0057] Fig. 2 is a perspective diagram (including a partial cut-out) showing an 
internal construction of the digital camera in which an interchangeable lens barrel 
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is attached to the camera body. Fig. 3 is a perspective diagram (including a partial 
cut-out surface) showing an internal construction relating to an image pickup unit 
of the digital camera. 

[0058] Each of the digital cameras 1 and 2 has an interchangeable lens barrel 
12 having a conmion specification, and a first camera body llA or a second camera 
body IIB. The first camera body llA is a reference camera body to which the 
interchangeable lens barrel 12 can be removably attached. The second camera body 
IIB is a non-reference camera body. The mount surface 4a of the interchangeable 
lens side mount portion 4 and the mount surface 3a of the camera body side mount 
portion 3 are abutted to each other such that the interchangeable lens barrel 12 is 
mounted. 

[0059] The first camera body llA and the second camera body 12A have a 
common construction except for the image pickup element of the image pickup unit 
and the optical LPF, which are to be contained. 

[0060] The interchangeable lens barrel 12 holds the photographic optical 
system 12a inside. The photographic optical system 12a includes multiple lenses 
and a driving mechanism for the multiple lenses. The photographic optical system 
12a comprises multiple optical lenses, for example, such that a luminous flux from a 
subject can pass through the multiple optical lenses and forms an image on a 
predetermined position (on the photoelectric conversion surface of the image pickup 
element 5A or 5B in Fig. 3) without different kinds of optical aberration such as the 
curvature-of-field aberration. In other words, the photographic optical system 12a 
is designed to eliminate the curvature-of-field aberration in an optical LPF in the 
fi*ont of the surface of an image pickup element. 

[0061] The "state without aberration" includes a state of a certain level of 
aberration or below, which does not influence on practical uses. In other words, the 
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and 5B. The finder device 13 constitutes a so-called "observation optical sys..„» 
The shutter potion 14 includes a shutter mechanism, for controlling the time for 
.n-adiating a subject lunnnous flux to the photoelectric conversion surface of the 
unage pickup element 5A or 5B. The image pickup unit ISA or 15B includes an 
.mage pickup element for obtaining subject image signals based on the subject 
lumu.ous flu. having passed through the photographic optical system 12a. Various 
electric members of electric circuits are implemented on the main circuit substrate 
16A or 16B. T^e electric circuits includes an in,age signal p„cessi„g circuit for 
performing various kinds of signal p^cessing on image signals obtained by the 
image pickup element 5A or 5B. 

I0065J A dust-preventive filter 21 is provided in the fi.nt of the surface of 
each of the image pickup mnts ISA and 15B. The dust-p„ventive filter 21 prevents 
the deposition of dust to the photoelectric conversion surface of an image pickup 

element. 

100661 The finder device 13 includes a reflector 13b. a pentaprism 13a and an 
eyepiece 13c. The .fle^r 13b is a^anged to bend an optical axis of a subject 
lum.nous flux having passed through the photographic optical system 12a and to 
gu.de the subject luminous flux to the observation optical system side The 
pentaprism 13a receives a luminous flux emitted from the reflector 13b and forms 
an erect image thereof TT.e eyepiece 13c is used for enla^ng and obse^ng a 
subject image. 

(0067J The reflecl^r 13b is freely movably arranged between a position 
evacuaM from the optica axis of the photographic optical system 12a and a 
predetermined position on the optical axis. Th. reflector 13b is normally disposed 
at a pr^letermined angle, such as 45«, on the optical axis of the photographic optical 
system 12a with respect to the optical axis. Thus, when the camera 1 is at the 
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normal state, a subject luminous flux having passed through the photographic 
optical system 12a are bent by the reflector 13b and are reflected toward the 
pentaprism 13a above the reflector 13b. 

[0068] On the other hand, while the camera 1 is performing a photographic 

operation and during the real exposure operation, the reflector 13b can move to a 
predetermined position where the reflector 13b evacuates from the optical path of 
the photographic optical system 12a. Thus, the subject luminous flux is guided to 
the image pickup element side and illuminates the photoelectric conversion surface. 
[0069] The shutter portion 14 is similar to those generally used in a 

conventional camera or the like, such as a focal plane type shutter mechanism and 
a driving circuit for controlling operations of the shutter mechanism. 
[0070] The image pickup units 15A and 15B for the first and second camera 

bodies, respectively, have substantially the same construction except for the 
contained image pickup elements and optical LPFs. First of all, the image pickup 
unit 15A for the first camera body will be described. 

[0071] The image pickup unit 15A includes the image pickup element 5 A, an 

image pickup element fixing plate 28, the optical LPF 8A, a low-pass filter receiving 

member 26, an image pickup element storage case member 24 (called CCD case 24 

hereinafter), a dust-preventive filter receiving member 23, a dust-preventive filter 

21, a piezoelectric element 22 and a press member 20. The image pickup element 

5A is constituted by a CCD and the like for obtaining image signals corresponding 

to the light irradiated onto the photoelectric conversion surface of the image pickup 

element 5A through the photographic optical system 12a. The image pickup 

element fixing plate 28 is constituted by a thin-plate like member for fixing and 

supporting the image pickup element 5A. The optical LPF 8A is an optical element 

in the front of the photoelectric conversion surface of the image pickup element 5A, 
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for removing high frequency components from a subject luminous flux irradiated 
through the photographic optical system 12a. The low-pass filter receiving member 
26 is constituted by an elastic member substantially in a frame shape and is 
provided on the periphery between the optical LPF 8A and the image pickup 
element 5A. The CCD case 24 stores, fixes and holds the image pickup element 5A 
and supports the optical LPF 8A by closely abutting to the periphery and the 
vicinity. A predetermined position of the CCD case 24 is closely in contact with the 
dust-preventive filter receiving member 23. The dust-preventive filter receiving 
member 23 is provided in the front of the surface side of the CCD case 24 and is 
closely in contact with the periphery or the vicinity. The dust-preventive filter 21 is 
a dust-preventive member supported by the dust-preventive filter receiving member 
23 and faces toward the optical LPF 8A at a position spaced apart from the optical 
LPF 8A by a predetermined distance in the front of the surface side of the optical 
LPF 8A in the front of the photoelectric conversion surface side of the image pickup 
element 5A. The piezoelectric element 22 is provided on the periphery of the dust- 
preventive filter 21 and removes dust by giving a predetermined amount of 
vibration to the dust-preventive filter 21. The press member 20 is constituted by an 
elastic body for connecting, fixing and holding the dust-preventive filter 21 to the 
dust-preventive filter receiving member 23 in an air-tight manner. 
[0072] The image pickup element 5A performs photoelectric conversion 
processing on subject luminous fluxes received by the photoelectric conversion 
surface 5Aa (Fig. lA) of the image pickup element 5A through the photographic 
optical system 12a. Thus, the image pickup element 5A can obtain image signals 
corresponding to the subject image on the photoelectric conversion surface. The 
image pickup element 5A may be a 4/3 type charge-coupled device. In this case, the 
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reference pixel pitch 60, which is a first pixel pitch, is substantially 7 ^m, for 
example. 

[0073] The image pickup element 5A is implemented at a predetermined 
position on the main circuit substrate 16A through the image pickup element fixing 
plate 28. An image signal processing circuit and work memory, not shown, are 
implemented together on the main circuit substrate 16. Thus, output signals from 
the image pickup element 5A, that is, image signals obtained through photoelectric 
conversion processing are transmitted to the image signal processing circuit. 
[0074] The protection glass 6 (Fig. 3) is attached in fi:ont of the photoelectric 
conversion surface of the image pickup element 5A. 

[0075] The signal processing performed in the image signal processing circuit 
includes various kinds of signal processing such as processing for converting image 
signals obtained fi-om the image pickup element 5A to signals suitable for recording. 
In this case, the image signals correspond to the image formed on the photoelectric 
conversion surface of the image pickup element 5A by the photographic optical 
system 12a held within the lens barrel 12 attached to the body side mount portion 3. 
These kinds of signal processing are the same as processing normally performed in 
a general digital camera for handling electronic image signals. 

[0076] The optical LPF 8A is provided in the front of the surface side of the 

image pickup element 5A via the low-pass filter receiving member 26. The optical 
LPF 8A contains crystal, which is an optical element having a double refraction 
characteristic. As described later, the optical LPF 8A has a thickness tl 
corresponding to a pixel pitch (about 7 |im) of the image pickup element 5A. The 
optical LPF 8A further contains an infrared absorbing glass, as described later. 
[0077] The CCD case 24 is arranged in such a way to cover the optical LPF 8A. 
The CCD case 24 has a rectangular opening substantially at the center. The optical 
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LPF 8A and image pickup element 5A are provided in the opening from the back. A 
step 24a having a substantially L-shaped section is provided on the internal 
periphery on the back side of the opening. 

[0078] As described above, the low-pass filter receiving member 26 

constituted by an elastic member is provided between the optical LPF 8A and the 
image pickup element 5A. The low-pass filter receiving member 26 is provided at a 
position avoiding an effective range of the photoelectric conversion surface on the 
periphery of the front surface side of the image pickup element 5A. Furthermore, 
the low-pass filter receiving member 26 is abutted to the vicinity of the periphery of 
the back side of the optical LPF 8A. The optical LPF 8A and the image pickup 
element 5A are in contact with each other substantially in an air-tight manner. 
Thus, elastic force toward the optical axis by the low-pass filter receiving member 
26 acts on the optical LPF 8A. 

[0079] Then, the periphery of the front surface side of the optical LPF 8A is 
disposed so as to be in contact with the step 24a of the CCD case 24 substantially in 
an air-tight manner. Thus, the position in the optical axis direction of the optical 
LPF 8A is controlled against the elastic force by the low-pass filter receiving 
member 26 for attempting to move the optical LPF 8A toward the optical axis. 
[0080] In other words, the optical LPF 8A laid within the opening of the CCD 
case 24 from the back surface side is positionally controlled by the step 24a in the 
optical axis direction. Thus, the optical LPF 8A is prevented from coming out from 
the inside of the CCD case 24 toward the front surface side. 

[0081] In this way, after the optical LPF 8 A is inserted from the back surface 
side into the opening of the CCD case 24, the image pickup element 5A is disposed 
on the back surface side of the optical LPF 8A. In this case, the low-pass filter 
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receiving member 26 is held at the periphery between the optical LPF 8A and the 
image pickup element 5A. 

[0082] As described above, the image pickup element 5A is implemented on 
the main circuit substrate 16 via the image pickup element fixing plate 28. The 
image pickup element fixing plate 28 is fixed via a spacer 28a with a screw 28b into 
a screw hole 24e fi-om the back surface side of the CCD case 24. The main circuit 
substrate 16 is fixed to the image pickup element fixing plate 28 with a screw 16d 
via a spacer 16c. 

[0083] The dust-preventive filter receiving member 23 is fixed to the screw 
hole 24b of the CCD case 24 on the front surface side of the CCD case 24 with a 
screw 23b. A peripheral slot 24d in a substantially ring shape is provided at a 
predetermined position on the front surface side on the periphery side of the CCD 
case 24. On the other hand, a ring-shape projection 23d to fit to the peripheral slot 
24d of the CCD case 24 is provided in a substantially-ring form at a predetermined 
position on the back surface side of the periphery side of the dust-preventive filter 
receiving member 23. Therefore, when the ring-shape projection 23d fits into the 
peripheral slot 24d, the CCD case 24 and the dust-preventive filter receiving 
member 23 fit into each other substantially in an air-tight manner in a ring-shaped 
area, that is, in an area having the peripheral slot 24d and the ring-shaped 
projection 23d. 

[0084] The dust-preventive filter 21 contains glass and has a circular or 

polygonal plate as a whole. An area extending, with some extent, at least from the 
center of the dust-preventive filter 21 to the edge is transparent. The transparent 
area faces toward the front surface side of the optical LPF 8A through a 
predetermined space. 
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[0085] The piezoelectric element 22 is bonded on the periphery of one surface 
of the dust-preventive filter 21 with adhesive means, for example, such that the 
piezoelectric element 22 is integrated to the periphery. The piezoelectric element 22 
is a predetermined vibrating member for giving vibrations to the dust-preventive 
filter 21 and includes an electromechanical conversion element and the like. The 
piezoelectric element 22 can cause a predetermined amount of vibration in the dust- 
preventive filter 21 by externally applying a predetermined amount of driving 
voltage. 

[0086] The dust-preventive filter 21 is fixed and is held by the press member 
20 such that the dust-preventive filter 21 can be engaged with the dust-preventive 
filter receiving member 23 in an air-tight manner. The press member 20 is 
constituted by an elastic body such as a flat spring. 

[0087] The dust-preventive filter receiving member 23 has a circular or 

polygonal opening in the vicinity of the substantially center of the dust-preventive 
filter receiving member 23. The opening is designed to be large enough for subject 
luminous fluxes through the photographic optical system 12a to illuminate the 
photoelectric conversion surface of the image picliup element 5A at the bacli. 
[0088] A wall 23e in a substantially ring shape extends forward from the 

periphery of the opening. A receiver 23c extends toward the front surface from the 
distal end of the wall 23e. 

[0089] On the other hand, multiple (three, in this embodiment) projecting 

portions 23a extend forward from predetermined positions on the external 

periphery of the front surface side of the dust-preventive filter receiving member 23. 

Each of the projecting portions 23a can fix the press member 20 for fixing and 

holding the dust-preventive filter 21. The press member 20 is fixed to the end of the 

projecting portion 23a with fastening means such as a screw 20a. 
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[0090] The press member 20 includes an elastic body such as a flat spring, as 
described above. The proximal end of the press member 20 is fixed to the projecting 
portion 23a, and the free end is abutted to the external periphery of the dust- 
preventive filter 21. Thus, the dust-preventive filter 21 is pressed toward the dust- 
preventive filter receiving member 23 side, that is, toward the optical axis. 
[0091] In this case, a predetermined position of the piezoelectric element 22 
on the external periphery of the back surface side of the dust-preventive filter 21 is 
abutted to the receiver 23c. Thus, the positions of the dust-preventive filter 21 and 
piezoelectric element 22 in the optical axis direction can be controlled. Then, the 
dust-preventive filter 21 is fixed and is held so as to engage with the dust- 
preventive filter receiving member 23 in an air tight manner via the piezoelectric 
element 22. 

[0092] In other words, the dust-preventive filter receiving member 23 is 
forced by the press member 20 to engage with the dust-preventive filter 21 through 
the piezoelectric element 22 in an air-tight manner. 

[0093] By the way, as described above, the peripheral slot 24d and ring- 
shaped projection 23d of the dust-preventive filter receiving member 23 and the 
CCD case 24 fit into each other substantially in an air-tight manner. At the same 
time, the dust-preventive filter receiving member 23 and the dust-preventive filter 
21 are forced by the press member 20 to engage with each other in an air-tight 
manner via the piezoelectric element 22. The optical LPF 8A in the CCD case 24 is 
provided substantially in an air-tight manner between the periphery of the fi-ont 
surface side of the optical LPF 8A and the step 24a of the CCD case 24. 
Furthermore, the image pickup element 5A is provided on the back surface side of 
the optical LPF 8A via the low pass filter receiving member 26. The substantial air- 
tightness is also held between the optical LPF 8A and the image pickup element 5A. 
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[0094] Therefore, a predetermined gap 51a is provided in a space between the 
optical LPF 8A and the dust-preventive filter 21. The periphery side of the optical 
LPF 8A, that is, the CCD case 24, the dust-preventive filter receiving member 23 
and the dust-preventive filter 21 form a space 51b. The space 51b is a sealed space 
extending toward the outside of the optical LPF 8A. 

[0095] The space 51b is set to be larger than the gap 51a. A sealed space 51 
includes the gap 51a and the space 51b. The space 51 is formed by the CCD case 24, 
the dust-preventive filter receiving member 23, the dust-preventive filter 21 and the 
optical LPF 8A substantially in an air-tight manner, as described above. 
[0096] Fig. 4 is a schematic diagram showing details of an optical system of 
the image pickup unit 15A in the first camera body llA. Fig. 5 is an enlarged 
vertical sectional diagram of the image pickup unit 15A. 

[0097] As shown in Fig. 4, the protection glass 6 is provided in the front of the 
surface of the image pickup element 5A. Furthermore, the optical LPF 8A and the 
dust-preventive filter 21 are disposed in fi-ont of the image pickup element 5A. 
[0098] In the optical LPF 8A, a crystal plate 8a on the front side, an infrared 
absorbing glass 8b, a crystal plate 8c and a crystal plate 8d are superimposed. The 
double refi-action direction of the crystal plate 8a is -45°. The double refraction 
direction of the crystal plate 8c is +45°. The double refraction direction of the 
crystal plate 8d is 0°, 

[0099] Each of the crystal plates 8a and 8c has a thickness corresponding to 
the pixel pitch (about 7 ^m) of the image pickup element 5A shown in Fig. 9. which 
will be described later. On the other hand, the crystal plate 8d has a thickness of 
the square route of the thickness of the crystal plates 8a and 8b. The optical LPF 
8A having the above-described construction can prevent the moire occurring when a 
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subject luminous flux via the interchangeable lens barrel 12 forms an image on the 
photoelectric conversion surface 5Aa of the image pickup element 5A. 
[0100] The crystal plates 8a, 8c, and 8d and the infrared absorbing glass 8b 
have reflective indexes close to that of glass and have a thickness tsO. The 
photoelectric conversion surface 5Aa of the image pickup element 5A is positioned 
at the image forming position of a subject luminous flux based on the effective light 
path length in accordance with the reflective index and the thickness tsO. Therefore, 
a subject luminous flux captured by the lens barrel 12 can form an image properly 
on the photoelectric conversion surface 5Aa of the image pickup element 5A without 
the curvature-of-field aberration. More strictly speaking, the thickness of the 
protection glass 6 eind dust-preventive filter 21 also contributes to the change in 
effective optical path length. However, the protective glass 6 and the dust- 
preventive filter 21 have the same thickness in the first camera body and the second 
camera body. Therefore, the effective optical path length in accordance with the 
protective glass 6 and dust-preventive filter 21 do not differ between the first 
camera body and the second camera body. 

[0101] On the other hand, when the protection glass 6 and the dust- 
preventive filter 21 have different thicknesses and/or materials between the first 
camera body and the second camera body, the curvature-of-field aberration is 
corrected by changing the thickness or the material of the compensating optical 
element in accordance with the change in the effective optical path length based on 
the differences. 

[0102] Fig. 9 is a graph showing a relationship between pixel pitches of an 

image pickup element (a number of pixels of the image pickup element) and 

thickness of the corresponding optical LPF (in cases of a crystal plate and an LN 

element). As shown in Fig. 9, as the pixel pitch P decreases, the thickness of the 
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corresponding optical LPF decreases. The thickness of the LN element in 
accordance with the same pixel pitch P is about 1/5 to 1/6 of that of the crystal plate. 
[0103] On the other hand, the second camera body IIB has the image pickup 
element 5B of the image pickup unit 15B, the optical LPF 8B and the compensating 
optical element 9, which is a compensating optical system, instead of the image 
pickup element 5A and the optical LPF 8A in the first camera body 11 A, as 
described above. The rest of the construction is the same. Fig. 6 is an enlarged 
vertical sectional diagram of the image pickup unit 15B in the second camera body 
IIB. 

[0104] The size of the image pickup element 5B is 4/3 type, which is the same 
as that of the image pickup element 5A, and has a pixel pitch 51, which is a second 
pixel pitch different fi-om the reference pixel pitch 50 (about 7 |.im). The 
photoelectric conversion surface 5Ba (Fig. IB) of the image pickup element 5B is 
apart from the movmt surface 3a by the same distance relatively between the mount 
surface 3a and the photoelectric conversion surface 5Aa (Fig. lA) of the image 
pickup element 5A. 

[0105] The optical LPF 8B has a thickness tsl for a double-reflecting subject 
luminous flux in accordance with the pixel pitch 51 of the image pickup element 5B 
(Fig. 6). The optical LPF SB may be crystal or an LN element. 
[0106] The compensating optical element 9 has a thickness til for 
compensating an amount of change in effective optical path length due to the 
change of the optical LPF SB into the thickness tsl thinner than the thickness tsO 
(Fig. 6). In other words, the compensating optical element 9 is an optical element, 
such as a glass plate having a reflective index substantially equal to that of crystal 
and not having a double refraction characteristic. The sum of the thickness tsl of 
the optical LPF SB and the thickness til of the compensating optical element 9 is 
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set equal to the thickness tSO of the optical LPF 8A. The compensating optical 

element 9 is fixed to the optical LPF 8B with an optical adhesive. 

[0107] Also in the image pickup unit 15B, a subject luminous flux captured 

through the interchangeable lens barrel 12 can form an image properly on the 

photoelectric conversion surface 5Ba of the image pickup element 5B without the 

curvature-of-field aberration and without the displacement of the image-forming 

position. 

[0108] When the pixel pitch 61 of the image pickup element 5B of the second 
camera body IIB is smaller than the reference image pitch 50, which is 7 |Lxm, that 
is, when the number of pixels of the image pickup element 5B is higher than the 
number of pixels of the image pickup element 5 A, the thiclmess tsl of the optical 
LPF 8B, which is a crystal plate, of the second camera body IIB is thinner than the 
thickness tsO of the optical LPF 8A (Fig. 9). Here, the compensating optical element 
9 is a glass plate having a thickness til in accordance with the decreased amount of 
thickness for compensating the amount of change in effective optical path length 
due to the decrease in thickness of the optical LPF 8B. The compensating optical 
element 9 may be provided separately from the optical LPF 8B as shown in Fig. 6. 
However, for example, the same effect can be obtained by increasing the thickness 
of the infrared absorbing glass 8b, the protection glass 6 or the dust-preventive 
filter 21 by the amovmt of the thickness til. 

[0109] On the other hand, when the pixel pitch 61 of the image pickup 

element 5B of the second camera body IIB is larger than the reference image pitch 

50, 7 |jim, that is, when the number of pixels of the image pickup element 5B is 

lower than the number of pixels of the image pickup element 5A, an LN element is 

applied as the optical LPF 8B so as not to fiirther increase the thickness of the 

optical LPF. The thickness tsl of the LN element extremely decreases as shown in 
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Fig. 9 due to the double refraction characteristic in accordance with the increase in 
the pixel pitch. However, the thickness is 0.1 nun or larger and can be produced. 
Then, the compensating optical element 9 having the thickness til equal to the 
amount of the decrease in thickness of the optical LPF 8B having an LN element is 
bonded to the optical LPF 8B (but, strictly speaking, the thickness til of the 
compensating optical element 9 must be determined in consideration of the 
difference in reflective index between the LN element and the crystal). This allows 
a subject to form an image properly on the photoelectric conversion surface 5Ba (Fig. 
IB) of the image pickup element 5B at the same position as that of the image 
pickup element 5A. The thickness of the optical LPF 8A of the first camera body 
llA is the thickest in those of the optical LPFs in the other non-reference camera 
body such as the second camera body IIB. 

[0110] As described above, when interchangeable lens barrels 12 are attached 
to the first camera body llA and the second camera body IIB in a digital camera 
system according to this embodiment, the optical LPF 8A or 8B having different 
thickness (where the optical LPF 8B is thinner) is appHed so as to double-refract a 
subject luminous flux in accordance with the pixel pitches. In this case, the first 
camera body llA is a reference camera body containing the reference image pickup 
element 5A. The second camera body IIB contains the image pickup element 5B 
having a pixel pitch different from that of the first camera body llA. In order to 
compensate the displacement of an image-forming position due to the decrease in 
thickness, the compensating optical element 9 is provided in the second camera 
body side. The provided compensating optical element 9 can allow the subject 
luminous flux properly to form an image on the photoelectric conversion surface of 
the image pickup element 5B with the curvature-of-field aberration. 
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[0111] The compensating optical element 9 of the second camera body IIB 
side has the amount of thickness equal to the decreased amount of thickness of the 
optical LPF 8B. Thus, the image pickup unit 15A of the first camera body llA and 
the image pickup unit 15B of the second camera body IIB can take up the same 
spaces in the respective camera bodies. Therefore, the commonahty of the 
constructions of the first and second camera bodies can be achieved easily. 
[0112] The reference pixel pitch 50 is 7 |im in this embodiment. A method for 
setting the reference pixel pitch will be described below. 

[0113] As described above, the thickness of an optical low pass filter is 
determined based on the pixel pitch of an image pickup element. However, even 
with the same pixel pitch, the thickness of the optical low pass filter depends on the 
material. As shown in Fig. 9, the thickness significantly differs between the low 
pass filter containing crystal as a first material and the low pass filter applying an 
LN element as a second material. The number of pixels shown in Fig. 9 is for a 3/4 
type image pickup element. 

[0114] On the other hand, a thin optical low pass filter is preferably used for 

reducing the size of a camera. However, a much thinner optical low pass filter may 
be difficult to produce and may be easily destroyed, which is not preferable. An 
optical low pass filter containing an LN element for the image pickup element 
having the pixel pitch 5 lower than 6.31 \an is difficult to produce. 
[0115] Therefore, a pixel pitch larger than the pixel pitch corresponding to the 
lowest thickness, which can be produced with the second material, an LN element, 
is set as the reference pixel pitch. Then, by forming the optical low-pass filter in 
accordance with the reference pixel pitch by using the first material, crystal, the 
optical low pass filter can have the lowest thickness even for the camera bodies 
having different pixel pitches. 
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[0116] Next, a digital camera system according to a second embodiment of the 
invention will be described with reference to Figs. 7 and 8. 

[0117] Fig. 7 is an enlarged vertical sectional diagram of an image piclcup unit 
15C in a first camera body in a digital camera system according to this embodiment. 
Fig. 8 is an enlarged vertical sectional diagram of an image pickup unit 15D in a 
second camera body in the digital camera system. 

[0118] Like the first embodiment, the digital camera system according to this 

embodiment also includes: digital cameras. One digital camera which comprises an 
interchangeable lens barrel 12 in Fig. 2 having multiple interchangeable lenses and 
a first camera body IIC, which is a reference camera body; another digital camera 
which comprises an interchangeable lens barrel 12 and a second camera body IID, 
which is a non-reference camera body, and an interchangeable lens barrels 12 
having the same specification to be removably attached to the first camera body IIC 
and the second camera body IID, respectively. 

[0119] The first camera body IIC has the same construction as that of the 

first camera body llA except for the contained optical LPF 8A of the image pickup 
unit 15A. The second camera body IID has the same construction as that of the 
second camera body IIB except for the optical LPF 8B and the compensating optical 
element 9 in the image pickup unit contained in the second camera body IIB. 
Therefore, the same reference numerals are given to the same components, and only 
the different parts will be described below. 

[0120] An image pickup unit 15C of the first camera body IIC contains an 
image pickup element 5A having a reference pixel pitch 50 (about 7 \xm). An optical 
LPF 8C and an infi-ared cut filter (infrared absorbing glass) 8D are provided on the 
front surface side. 
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[0121] The optical LPF 8C is constituted by a crystal plate having the same 
double refraction characteristic as that of the optical LPF 8A. The thickness ts2 is 
set in accordance with the reference pixel 60 of the image pickup element 5A in 
order to prevent the occurrence of moire (Fig. 9). The optical LPF 8C is the thickest 
in optical LPFs built in the non reference camera bodies such as the second camera 
body IID. 

[0122] The infrared cut filter 8D has the same reflective index as that of 

crystal but does not have a double refraction characteristic. The infrared cut filter 
8D is set to have a thickness ti2 enough to absorb infrared rays. 
[0123] A subject luminous flux captured through the attached 
interchangeable lens barrel 12 forms an image on the photoelectric conversion 
surface 5Aa (Fig. lA) of the image pickup element 5A through the dust-preventive 
glass 21, the infrared cut filter 8D, the optical LPF 8C and the protective glass 6. 
The photoelectric conversion surface 5Aa is positioned at the position where the 
curvature-of-field aberration does not occur in consideration of an amount of the 
change in effective optical path length based on the reflective index of the optical 
LPF 8C. 

[0124] On the other hand, the image pickup unit 15D of the second camera 
body IID contains an image pickup element 5B having a pixel pitch 51 different 
from the reference pixel pitch 50. An optical LPF 8E and an infrared cut filter 
(infrared absorbing glass) 8F also used as a compensating optical system are 
provided on the front surface side. An photoelectric conversion surface 5Ba of the 
image pickup element 5B is disposed at the same position as that of the 
photoelectric conversion surface 5Aa of the image pickup element 5A. 
[0125] The optical LPF 8E has the same double refraction characteristic as 

that of the optical LPF 8C and includes a crystal plate or an LN element. The 
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thickness ts3 is set thinner than the thickness ts2 in accordance with the pixel pitch 

61 of the image pickup element 5B in order to prevent the occurrence of moire. 

[0126] The infrared cut filter 8D has the same reflective index as that of 

crystal but does not have a double refraction characteristic. The infrared cut filter 

8D has a thickness ti3 enough for absorbing infrared rays and for compensating an 

amount of the decrease in thickness of the optical LPF 8E. In other words, the 

thickness of the infrared cut filter 8D is increased by an amount of the difference in 

thickness between the optical LPF 8E and the optical LPF 8C. The sum ti3 + ts3 of 

thickness of the infrared cut filter 8F and the optical LPF 8E is set substantially 

equal to the sum ti2 + ts2 of thickness of the infrared cut filter 8D and the optical 

LPF 8C. Therefore, a subject luminous flux captured through the interchangeable 

lens barrel 12 can form an image properly on the photoelectric conversion surface 

5Ba (Fig. IB) of the image pickup element 5B through the dust-preventive glass 21, 

the infrared cut filter 8F, the optical LPF 8E and the protection glass 6 in the 

second camera body IID without the occurrence of the curvature-of-field aberration. 

[0127] When the pixel pitch 51 of the image pickup element 5B applied to the 

second camera body IID is smaller than the reference pixel pitch 50, the thickness 

ts3 of the optical LPF 8E is thinner while the thickness ti3 of the infrared cut filter 

8 is increased by the amount of the decrease in the thickness ts3 like the first 

embodiment. When the pixel pitch 51 of the image pickup element 5B applied in 

the second camera body IID is larger than the reference pixel pitch 50, a thinner 

LN element is applied as the optical LPF 8E like the first embodiment. The 

thickness ts3 is thin but still can be produced (0.1 mm or larger). The thickness ti3 

of the infrared cut filter 8F is increased by the amount of the decrease in the 

thickness ts3 (where, strictly speaking, the thickness ti3 of the infrared cut filter 8F 

must be determined in consideration of the difference in reflective index between an 
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LN element and crystal). Therefore, the sum of the thickness of the infrared cut 
filter 8F and the optical LPF 8E does not change substantially, and the image 
pickup unit 15D and the image pickup unit 15D take up the same amount of space. 
The thickness of the optical LPF 8C of the first camera body IIC is the thickest in 
the optical LPFs built in the other non-reference camera bodies such as the second 
camera body IID. 

[0128] As described above, the same effects can be obtained as those of the 

first embodiment even in a digital camera system according to this embodiment. 
The interchangeable lens barrel 12 having the same specification can be removably 
attached to the first camera body IIC on the reference side and the second camera 
body IID on the non-reference side. Subject luminous fliixes of both of them can 
form an image on the photoelectric conversion surface of the image pickup element 
at the same position without the curvature-of-field aberration. 
[0129] According to this embodiment, the image pickup units 15C and 15D 
take up the same amount of space within the camera bodies according to this 
embodiment. Therefore, the other components in the first camera body IIC and the 
second camera body IID can be arranged under the same condition. 
[0130] In a lens-interchangeable digital camera system according to the 

invention, interchangeable lenses having the same specification can be removably 
attached to different camera bodies including image pickup element having 
different pixel pitches from each other. Thus, images without the curvature-of-field 
aberration can be picked up by the digital cameras, respectively. Furthermore, 
components relating to the image pickup elements can be arranged in different 
camera bodies in a same manner. 

[0131] The invention is not limited to the above-described embodiments, and 

various changes are possible without departing from the principle. Furthermore, 
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the embodiments include the invention at various stages, and various inventions 
can be extracted by properly combining multiple disclosed constructional 
requirements. 

[0132] For example, even when several constructional requirements are 
removed from the entire constructional requirements described in the embodiments, 
the construction from which the constructional requirements are removed can be 
extracted as an invention if the problems described in the section. Problems to be 
Solved by the Invention, can be solved. 
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